INTRODUCTION {#sec1-1}
============

The metabolic syndrome (MetS), as defined by the National Cholesterol Education Program Adult Treatment Panel III (NCEP-ATP III) criteria, is a constellation of fasting lipids and lipoproteins, waist circumference, glucose, and blood pressure abnormalities that have been associated with increasing risk for developing cardiovascular disease (CVD) and diabetes.\[[@ref1]--[@ref3]\] These definitions are based on expert opinion and not on evidence resulting from prospective epidemiologic studies. Therefore, it remains unclear whether single component features of the MetS or the thresholds at which each component is defined as present or absent are informative and optimal for predicting the risk of cardiovascular disease or early death.\[[@ref4]\] Weiss and colleagues reported that the prevalence of the MetS increased with the severity of obesity and reached a proportion of 50% in severely obese youngsters. The prevalence of the MetS increased significantly with increasing insulin resistance after adjustment for the ethnic group factors and degree of obesity.\[[@ref5]\] Type 2 diabetes and the MetS have been regarded as a disease of adults for a long time,\[[@ref6]\] but it has clearly become evident that the disease can begin at different ages in all ethnic groups and can be already present in childhood.\[[@ref7]--[@ref9]\] This observation also points toward the existence of a metabolic endocrine susceptibility factor determining the risk for clinically developing MetS already during childhood. An aggressive global approach to screening and management of the MetS is therefore recommended to slow the growth of the syndrome throughout the United States.\[[@ref10]\] Therefore, our present study highlights the incidence of MetS and non-metabolic syndrome (NMetS) in type 2 diabetic patients.

MATERIALS AND METHODS {#sec1-2}
=====================

We performed a cross-sectional study from January 2011 to June 2011. This research was jointly conducted by Vaagdevi College of Pharmacy and Mahatma Gandhi Memorial (MGM) Hospital. Both are affiliated to Kakatiya University, Warangal, Andhra Pradesh, India.

Study participants {#sec2-1}
------------------

The inclusion criteria were: Age \>18 years and diabetic. Exclusion criteria were: Endocrine diseases such as Cushing\'s disease, type 1 diabetes mellitus, acromegaly, hypothyroidism, hypogonadism, patient on prolong steroid use, and those who were on active drug treatment for obesity at the time of admission.

The source of the data was the outpatients who were attending the MGM Hospital, Warangal. The Performa included co-morbidities, characteristics, and details of physical and biochemical information and treatment, which were reviewed and recorded.

The physical and biochemical measurements were made at the first visit. The independent variables of interest were age, gender, ethnicity, smoking, alcohol consumption, and history of diabetic types. All patients were interviewed regarding duration of diabetes and anti-diabetic drugs.

All subjects enrolled in the study underwent detailed clinical examinations, including measurement of height, weight, waist circumference, and blood pressure. Patients were considered hypertensive if these were already on antihypertensive therapy or with a systolic pressure ≥135 mm Hg and a diastolic pressure ≥85 mm Hg. Fasting venous blood was sampled from antecubital vein from all patients for the measurement of plasma glucose, total cholesterol, high density lipoprotein (HDL) cholesterol, and serum triglycerides.

Lifestyle habits {#sec2-2}
----------------

Patients were assessed for smoking habits, physical inactivity, and alcohol consumption. Briefly, patients were categorized based on their smoking habits into never smoker, former smoker, and current smoker

Data collection {#sec2-3}
---------------

In the first two weeks of January 2011, a workshop was conducted in cardiac unit at MGM Hospital, Warangal, which standardized the protocol and methodology (administering the structure questionnaires, drawing blood, and taking medications). Thus, the investigators (diabetologist, cardiologist) epidemiologist, PG students, Interns, students, training nurse, and Pharm. D students took part in the 2-day training course on using NCEP-ATP III guidelines.

Patients were instructed and encouraged not to eat after 7:00 p.m. before the laboratory measurement. Baseline overnight fasting blood was drawn from 7:00 to 9:00 a.m. Fasting serum and plasma samples \[preserved with ethylene diamine tetraaceticacid (EDTA) and sodium fluoride (NaF)\] were collected within 2 h of venous blood sampling and immediately frozen to −20°C until triglycerides, HDL, and cholesterol were analyzed and measured using standard methods.\[[@ref11]\]

Ethical approval was obtained from the Medical Review Board of Kakatiya Medical College (KMC), Andhra Pradesh, India. Eligible participants were invited to attend the diabetic unit on a specified date. They were free to participate and gave written consent according to Helsinki declaration. Descriptive strategies were calculated for each variable. All continuous variables were expressed as a mean with standard deviation; median, intraquartile range, frequency, and percentage were obtained for categorized variables. Univariables, multivariables, binary logistics, and regression analysis were used to identify factors significantly associated with MetS and NMetS classified based on NCEP-ATP III criteria. All analyses were performed using the GraphPad Prism version 5.

RESULTS {#sec1-3}
=======

There were 275 patients who attended the diabetic OP clinic from January 2011 to June 2011. However, only 75 (27.2%) patients were eligible for the study. Based on the inclusion and exclusion criteria, diabetic patients had complete data and comprised the study population. Mean duration of diabetes was 6.52 years in MetS and 4.8 years in NMetS. The relative proportion of alcoholic patients with MetS was 41.81%, while 50% of patients were non-alcoholic with NMetS. Current smokers (20.8%) and past smokers (18.18%) with MetS were equally distributed. However, illiterate patients (41.8%) had higher incidence of MetS and reduced incidence (20%) of NMetS. The data are summarized in [Table 1](#T1){ref-type="table"}.

###### 

Prevalence (%) of the metabolic syndrome versus non-metabolic syndrome in Warangal adults according to socio-demographic details

![](JNSBM-4-57-g001)

[Table 2](#T2){ref-type="table"} presents prevalence of MetS and NMetS according to NCEP-ATP III guidelines. Sedentary lifestyle is more prone to MetS (64.18%) compared to NMetS (55%). Women\'s sedentary lifestyle (91.66%) resulted in higher incidence of MetS. Patients with high prevalence of MetS compared to those with NMetS were higher (34.88%) in 51-60 years age group, followed by 25.59% in 61-70 years age group \[[Table 3](#T3){ref-type="table"}\]. An individual component of the MetS and NMetS in gender and living area was also measured. Interestingly, urban people had higher incidence of developing MetS compared to rural people. Low HDL levels were consistently observed in rural and urban population (95.65% and 90.625%, respectively), followed by increase in waist circumference in rural and urban population (65.62% and 73.19%, respectively).

###### 

Prevalence of metabolic and non-metabolic syndrome according to NCEP-ATP III guidelines
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###### 

Prevalence of metabolic and non-metabolic syndrome in patients aged ≥18 years by gender, age, and group
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[Table 4](#T4){ref-type="table"} presents the physical characteristics of South Indian participants (Warangal adults) with type 2 diabetes. Interestingly, high incidence of MetS was observed in normal weight patients (43.56%) compared to obese (10.9%), overweight (40%), and underweight (5.45%) patients.

###### 

Physical characteristics of South Indian participants in the Warangal adults of type 2 diabetic patients
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[Table 5](#T5){ref-type="table"} shows the gender wise Mean ± SD of the MeS versus NMetS patients . Sixty percent of patients with NMetS were normal weight and 35% were overweight. Mean body mass index (BMI) was 25.01 kg/m2 in MetS and 24.165 in NMetS patients. The waist circumference mean was 92.7 ± 10.3 cm in MetS and 84.9 ± 8.25 cm in NMetS patients. However, triglycerides were 186.12 ± 76.5 mg/dl in MetS and 156.82 ± 75.43 mg/dl in NMets patients (*P* \< 0.001). HDL levels were 23.77 ± 10.1 mg/dl in MetS, compared to 33.47 ± 16 mg/dl in NMetS patients. The overall systolic blood pressure was 130 ± 13.7 mm Hg in MetS and 118.17 ± 7.95 mm Hg in NMetS, and diastolic blood pressure was 84.36 ± 7.65 mm Hg in MetS and 77.85 ± 5.53 in NMetS patients. Fasting blood glucose level was 116.12 ± 55.4 mg/dl in MetS and 111.58 ± 34.6 mm Hg in NMetS. [Table 5](#T5){ref-type="table"} also depicts the prevalence of MetS and NMetS according to gender and age. Men and women aged between 51 and 60 years suffered more frjom MetS, followed by those from 41 to 50 years of age. 26.66% of total diabetic patients were not suffering from MetS. 73.33% of total diabetic patients were suffering from MetS. Mean age was 52.8 years in MetS and 51.3 years in NMetS.

###### 

Mean ± SD of the components of the metabolic syndrome versus non-metabolic syndrome according to gender
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[Table 6](#T6){ref-type="table"} presents the top 12 drugs utilized concomitantly in MetS patients with type 2 diabetes; anti-diabetics were found to be highly used (33.2%), followed by vitamins (20.7%), anti-ulcer drugs (17.84%), antihypertensives (11.61%), analgesics and antipyretics (4.9%), anti-inflammatory drugs (4.14%), antibiotics (2.5%), anti-allergic drugs (1.7%), hyperlipidemic drugs (1.7%), anti-angina drugs (0.8%), anti-diarrheal (0.4%), and anti-platelet drugs (0.4%).

###### 

Top 12 drugs utilized concomitantly with metabolic syndrome in diabetes mellitus
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[Table 7](#T7){ref-type="table"} shows the Indian Diabetes Risk Score (IDRS) which was developed based on multiple logistic regression analysis. In 2007, Mohan *et al*. reported that IDRS was calculated using four simple variables, namely age, family history, regular exercise, and waist circumference. The individuals were classified as being at high risk (score \> 60), moderate risk (score 30--50), and low risk (score \< 30) out of total score. 55% of MetS patients had high score, followed by 43.63% of patients with moderate score and 1.8% with low score. High score leads to the development of cardiovascular disease. Score was calculated on the basis of [Figure 1](#F1){ref-type="fig"}. Even patients with NMetS had a high score (45%), followed by moderate 35% and low (20%) scores.

###### 

Indian diabetes risk score (IDRS) developed based on multiple logistic regression analysis
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![Indian diabetes risk score (IDRS)](JNSBM-4-57-g008){#F1}

DISCUSSION {#sec1-4}
==========

This study analyzed the incidence of the MetS and NMetS among type 2 diabetic patients attending diabetic outpatient clinic at a tertiary care hospital, using the recently introduced definition of the MetS by the NCEP-ATP III guidelines. The findings of the present study show that the incidence of MetS was significantly higher in males than in females. Contrary to this finding, a study in Iran found that MetS was significantly higher in women than in men. Nizal *et al*. highlighted the very low levels of physical activity in women than in men. Physical activity is a complex behavior which consists of different components, including leisure time transportation, hours of work, and household activities.\[[@ref12]\]

In our study, the MetS was more prevalent in urban areas. This finding is similar to the findings of recent surveys conducted in China and Greece, showing a higher prevalence of the MetS in urban compared to rural residents.\[[@ref13][@ref14]\]

We found energy expenditure to be lower and the MetS to be considerably higher in women compared to men, in urban residents compared to rural residents, and in sedentary individuals compared to active individuals of both genders in urban and rural areas. This finding was similar to the previous reports.\[[@ref15][@ref16]\]

Our findings highlight the very low levels of physical activity in women than in men. Physical activity is a complex behavior which consists of different components, including leisure time transportation, hours of work, and household activities. Physical inactivity could well be a major contributor for women being more prone to obesity problems than men.

Hypertension is the most frequently occurring component of MetS when compared to NMetS in subjects with type 2 diabetes, and was found in 72.09% of men and 58.33% of women. This finding is in accordance with a previous report.\[[@ref17]\]

Abdominal obesity was common in South Asians and evident in non-obese people. They have high percentage of body weight, thick subcutaneous adipose tissue, low muscular mass, insulin resistance, and hyperinsulinemia. This body composition is conducive to the development of MetS. According to a recent study on South Asians, the prevalence of MetS was estimated to be 25.8% in the general population as per international diabetes federation (IDF) definitions.\[[@ref18]\] A very recent study has reported the prevalence of MetS in Pakistan, according to a different definition, to be from 18 to 46%, comparable to the data from other South Asian nations.\[[@ref19]\] Our finding was similar to that previously reported.\[[@ref20]\]

Moreover, the triglycerides were elevated and HDL levels reduced in patients with MetS when compared to NMetS patients. Hence, our results emphasize on prescription of hyperlipidemic drug to MetS patients to prevent further complications.

Our data support the notion that obesity and central obesity in particular is a strong risk factor for type 2 diabetes, a finding that is consistent with the previous reports on various racial/ethnic populations.\[[@ref21][@ref22]\] Globally, it has been estimated that approximately 58% of type 2 diabetes is attributable to overweight and obesity, and 90% of type 2 diabetes in western countries is attributed to weight gain.\[[@ref23]\] These findings also support that preventive lifestyle interventions should be targeted at lowering both BMI and central obesity in Indian adults.

We found that high prevalence of MetS was primarily indicated by central obesity combined with dyslipidemia (low HDL, Hypertension and triglycerides). The high prevalence of hypertriglyceridemia, notably in men, might be due to the sedentary lifestyle. This finding was contrary to the previous report.\[[@ref11]\]

CONCLUSION {#sec1-5}
==========

Our results suggest that prevalence of MetS was observed in non-obese patients and was higher in male patients and positively correlated with aging. Nevertheless, further studies are required to validate the MetS in larger population.
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